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I. INTRODICTIOR

During the course of febricating helium bottles for NASA-MSFC
under Contrect FAS 8-11555, two problems have been encountered with
regard to heat treatment. The first indication of a problem came on
7-13-64 when unit §/N 0018, the fourth in the first lot of five, exper-
ienced & volumetric incresse of 43 cubic inches after proof test. The
specifications allow no more than 225 cubic inches expansion. Hothing
urusual in either the fabrication or testing of this unit was disceranible.
The fifth unit in this lot expanded only 31 cubic inches. In the next
lot of five units, the first, S/N 0022, expanded 962 cubic inches, the
sscond and third were normal and the fourth and £ifth, S/W 0024 end 001%

" expanded 948 apd 403 cubic inches respectively. This last unit hed been

tested on 9-16-6k and had been heat treated in the latter psrt of June.

At this point in time it was decided that a complete survey of the
Vendor's furnace was in order and that the third 1ot of five units would
not be heat treated until it was certain ve could obtain the desired
heat treatment. The survey of the furnace revesled a heat lesk vhich
resulied in a localized sres, sbout two feet in length near the furnace
hearth, which was ruoning about 40-50°F cclder than the rest of the
furnace. The cold spot was caused by & deprecsed aresa in the hearth
vhich allowed an air passage to form which undoubtedly became progressively
vorse with use. It was ultimately found that a small plece of metal had
lodged in the solenoid valve controlling the pilot in one combustion cham-
ber. This prevented complete shutoff and the metal support for the hearth
had been subjected to localized heating causing it to sag. Repalrs were
made and a resurvey after the repeirs showed that the furnsce vwas opera-
ting properly. While the surveys and repairs were being mede, hardness
measurements on the bottles showed that there vas a marked difference
between the overexpanded units and the others. It was felt, at this time,
that the cold spot was a significant factor contributing to underheating
of these units and that the hardness tests could distinguish a good unit
from a bad one. It was decided, therefore, to start heat treating the
third lot of five units. :

The first of these wnits, S/N 0013, was heat treated in Hovember 196k
and the hardness survey showed a merked increase over the units which had
expanded. Confidence in the Vendor's equipment and in the basic process
had been regained and orders to proceed were issued. The Vendor requested,
and was given permission, to charge units into a hot furmace. The Martin
Company could not see anything detrimental in this procedure and hoped to
make up somes lost time. The next four units were heat treated in November
1964 and all hardness surveys indicated good units. During December 196k,
the mechanical property test results became available and the samples from
three of the last four units, S/B 0023, 0025, 0026, hed one or more elon-
gation value below the minimum acceptable. The values obtalned are shown
in Table I. ‘
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TABIE I

Heat Treat Test Bar Properties

Spec.
Bo.

LL

R B B FE

urs
81.2

78.6
754
76.8

76.3
T1-3
76.%
Th.2

¥ Mintmum recuired &%

&% Minimum required 2%

p¢-3
75.2
76.0
7.5
TL.9

73.6
73.2
1.6
12.5

69.h
Ti.b
1.8
69.0

Elong.

6.0

4.0
k.o

5.5%
6.0
k.0

505

It was conjectured that overbeating could account for the results
obtained, and for the second time operations were suspended and ar in-
vestigation wag launched. Meotallographic examination of the test bers

confirmad the conjecture that they hed been overheated.

dMetallographic

n

examination of saiples cut from the ends of the bottles, however, revealed
A bottle. evailable
from another comtract, was instrudented and utilized to obtain daste on
temperature vs. btime starting both 1a & cold and hot furnsce.

that the hottles themselves had not been overhested.

It is the purpose of this report to preasent these dete and to ensalyze

the problems encountered in the light of all
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II. DESCRIPTION QF THE HEATIRG PROCESS

A, The Furnece end Its Control

The furnace used is approxivately 42 feet long by 2-1/2 feet sguare
in the working zope. It is a gas-fired, air-circuleting furnace with two
independently controlled combustion chambers located below the floor of tha
furnace &t mid length. The furnace has a door at either end but the botiles
are always loaded thrcough one door referred to as the front. The bottles
are always located in the same position within the furnace because the thermo-
couple leads penetrate the furnace rcof through fixed ports which must be
aiigned with holss in the bottle Pixbture. OSince the fixtwrs 1s approxi-
mately 20 feet long, the endes of the fixture are always approximately 11
feet from each furnace doar. In addition, the bottles are always placed

80 that the end with the larger hole is closest o the rear door, in crder
to faclilitate the internsl guenching operation.

Fech combustion chamber is controlled by a iseds and Northrup propore-
tional controlier. The operation of the controller is basically as follows:
The controller is set to a specific texperature called the set point or set
teuperature. The proportional bard is next set at apy desired value be-
tween O and 10% of the full scale temperature range. To be specific,
suppose the set point is 950°F and the proportionel band is 2000F (10% of
2000°F). In operaticn, the furnace control thermocouple (there ies one for
each zone controlled), signal is compared with the cet point mipus the proe-
portional band. In the example, ac long as the control couple reads less
than T500F, the gas flow control valve will be full open. Between T50 and
950°F the valve will be throttled in direct proportion to the difference
between the set point and the control couple temperature.

In addition to the two control couples, there are tvelve other couples
stretegically located within the work zone. The output of these couples is
recorded on & strip chart. The heat input to the two zones of the furnace
can be varied between gero and meximum, in an infinite variety of weye,
depending upon how the operator adjusts the set point and proportional band
in each zone.

B. Heating of the Bottles

‘Ag the temperature of the air in the furnace is raised, heat is
transferred, by forced comvection, to the ocutside surface of the bottle.
Hegt is then tronsferved through the wall of the bottle by conducstion.

Bince the air flow srournd the outside of the bottle is symmetrical, there

is 0o pressure differentiasl scross the lenzth of the bottle ard hence, no
air flov through thé bottile. The alr ilunside the botitle is hested by natural
convection, drawing heat from the inside bottle wall. A test bar pleced ine
slde tha bottle will have iitg surface heated by this essentially still air
and will transwit heat from iss swfaoce by conduchion. A test bar cutside
the botile will be heated in the same way except thet it is in a forced
coavection envircament. The varicus temperatures invoived can be listed

in order of decreasiag magnitude as follows:

TFE %Z TBoa Tpr &= Tarz Tpp




vhere
‘25, is the furnace air temperature
'I'm is the outslde test bar surface temperatur;
TBO ;s the temperature of the ocutside surface of the bottie

Tﬂ ig the temperature of 'i'.he inside surface of the bottle

g
»
T

AT iz the temperature of the alr inside the bottle
TTI is the inside test bar surface temperaiure

A set of temperature dats, illustrating the above, is shown ia Fig. 1.
For this run the furnace was brought up from room temperature with the
bottle in the vork zone. It can be seen that the outside test bar tem-
perature leads the cutside bottle surface temperature for sbout 150
minutes. The inside test bar temperature lags the cutszide bottile surface
temperature for more than 200 minutes. A second set of data is presented
in Fig. 2 for the case vhere the furnace was preheated to 945°F and then
the load was inserted. From this figure, the same lead and lag trend can
be seen but several imporitant differences are noteworthy. First, the
outside test bar temperature leed over the botile is more pronocunced.
Second, the lag betveen the furnace air temperature and the cutside test
bar tempereture is essentially zeroc after 30 minutes. Further study of
Figs. 1 and 2 chows that in either case, ‘the bottle surface temperature
is about the same at 100 minutes. From this point on, the time it takes
to bring the bottle wall into the desired range (935 + 10°F) dspends
entirely on the furnace operator. In the run shown in Fig. 1, the coa-
troller set points were reduced et 125 minutes and increased at 175
mimites. As & resuli, the 30 minuts hoid period did not start umtil

436 minutes. In the run depicted in Fig. 2 the operator was urged to

be lees cautiocus. The controller was initially set at 960°F, at about
80 mirutes it was reduced to QUOOF and at ebout 130 minutes it was in-
ereased to 9500F. The result in this case was that the hold periocd
started at 210 minutes.

Additiopal data is presented in Figs. 3 and b which shows how the
temperature varies along the length of the bottle at various instants
of time. A study of these figures will shovw that, in both cases, vhen
‘the botile reaches SG09F, the temperature is essentislly unifcrm along
its length. Hote, however, in Fig. 4, the outside test bars are at
9C0CF after 46 minutes while the bottle is only about 800°F. In Fig. 3,
for the cold furnace start, the test bars reach GOOCF in sbout 126 ‘
ninutes and the bottle is lagging only about LOOF.
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III. THE UNDERHEAT FROBLEM

As stated in the Introduction, the underheating problem occurred
in the first tep bottles produced under Contract BAS 8-11555. All of
these bottles were heated sterting with a cold furnace, using three
thermocouples on the cutside bottle surface and outside test bars only.
Based upon subsequent hardness measurements it is kncun that fowr of the
ten units (S/H 0015, 0016, OOL7, 0020) vere resmsopsbly well heated while
six of the units (8/N 001%; 0018, 0019, 0021, 0022, 0024) were not. It
iz also known that the test bars for all units vere heat treated properly
and that a furnace cold spot existed, probably, throughout this whole
series. The dats presented in Section II can be used to provide a logical
explanetion fitting all the known facts.

Figure 5 presents the temperature-time histories for 8/E 0015, the

best of the good unmits, and §/F 0022, the worst of the bad units. Figure 5

shous that up to about 150 minutes there was a significant difference in
the rate of temperature rise. If Fig. 1 is compared with Pig. 5, it will
be seen that the rate of rise on the test unit chown in Pig. 1 falls be~
tveen the two curves shoun in Fig. 5. It can be concluded thet at any
instant of time the lag between the outside bottle surface temperature
and the inside surface temperature would be less for S/ 0015 than for
8/H 0022. The effect of the cold spot in the furnace would probably
increase this lag. It ie further coacluded, theat during the hold period,
even though both units had essentially the same temperature on the out-
side surface, the inside surface of S/FK 0022 vas lagging by as much as
50CF. The underheating of the aix units would not have occurred if either
the initial rate of heating hed beecn higher or the total time for the
cycle hed been extended to 300-400 minutes.

The six suspect units are presently in the process of being reheat

treated apnd additional controls have been imposed on the Vendor. These
edditions to the process will be discussed later in this report.
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IV. THE OVERHEAT PROBLEM

As stated in the Introduction, the last five units to be heat
treated were charged into a hot furnace and subsequently thre= units
{s/R 0023, 0025, 0026) were pleced in a rejected ststus because the
test bar elongation values vere below the minimum specified {see
Table I). During heat treatment these units had the same three exter-
ral surfece thermocouples as 41d the previous wmits. It was immediately
suspecied that the test bars had been overheated. The temperature
charts did not indicate any overheating of the bottles. Esch test bar
thet had a low elongatlon value was examined metallographically and it
vas verified that they had been overheated. At the same time, samples
vere removed from either end of all three bottles and these micrographs
showed no evidence of overheating. All of these photomicrographs are
presented herein as Appendix A. Figures 6 to 11 show the Temperature~
Time Histories and Temperature Distributions for these three units. If
thege figures are compared with Pigs. 2 and 4, it will de seen that
these units were heated at a significantly higher rate then the test
unit of Fig. 2. This meens that, initially, the controller set points
oust have been higher than the test rum, probebly 960-970°F. Unfor-
tunately, no permanent records exist as to the actual settings for the
processing of these units. It is concluded, however, that during the
early part of the cycle (0-100 minutes), the furnace &ir was as high as
S60-9TOOF and from Fig. 2, the test bars reached the same range. The
tottles, however, never exceeded 9iSOF. The evidence that the bottles
vere not overheated consists of the following:

1. Bo metallographic evidence in material from the bottle ends.

2. Fo temperatures above YU50F at three locations along the
cylindrical portion of the botile.

3. Bo siguificant diZference betveen the temperatures at the
ends of bottle as compared with the cylindrical pariion
for temperatures above 900°F (Fig. 4).

For completeness, the hardness data for these units is showm in Fig. 12.
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V. COBCLUSIOES

Baged upon the data presented herein it is concluded thab:

A. Furnasce operator technique can result in underhesting of
bottles or overheating of test bars with the heat treat
process as presently monitored and controlled.

B. Bottle S/N 0023, 0025, 0026 were not subjected to amy
overbeating.

C. Additiomnl controls are necessary to prevent & ree
occurrence of these problems.

The following actions have been taken and made effective on all
fubure bottles.

i. In sddition to the three axternsl bottle surface thermocouples,
the temperature of the test baxr at either end of the bottle will be
recorded.

2. Four test bars with thermocouples attached will be placed inside
the bottle, along its length.

3. Furasce controller set poins will not exceed 950°F at any time.

h. The 30 minute hold cycle will not start until the externai
thermocouples are in the range 930-9&5‘)? and the internal thermocouples
are in the range 925-945°F.

5. BNo bottle will be charged into the furnace unless the furnsce
temperature is below 350°F.

With the above restrictioms, varistions due to operator “echnique
will be eliminated,
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APPERDIX A
Phototdierographs for Bottles
5/K 0023, 0025, 0026
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Saturn Helium Bottle

, S/N 0025, front
tion grain boundary
Uts 77.% ksi, TyS 73.6
A-longitudinal Plane
B-Long Transverse Plane
Magn. 400X
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condition for 2014-T6é alloy.
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Saturn Helium Bottle

section removed from back end
howing satisfactory heat treated

A-Longitudinal Plane
B-long Transverse Plane
Magn. 400X

E.R. 13796

27




28

E.R. 13796




29

E.R. 13796




30

Bottle

ium

~
@
o o4
=]
-~
p |
2
o

o

dinal Plane
Transverse Plane

13

Longit
g

»
e

B-Lon

Magn. 400X

E.R. 13796




APPERDIX B

The Bffect of Overhes on
Saturn Helium Bottle Extrusion

Material
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In order to determine the possible effecte of overheating on the
extrusion materisl used in febricating the botitles, & get of samples
were prepared using material from extrusion S8/F 0035. The wechanical
properties, hasrdress, electrical conductivity and microstructure vere
determined in the as received condition, sclution treated st 945°F,
950°F, 955°F, 9609F, 965°F and 9T0°F. ALl specimens heat treated were
eged at 320°F for 20 hours. The date obtained is presented in Tables
Bl, B2, and B3.

TABLE Bl
Mechanical Properties

Sol. geat. Temp. Y;.‘eld (;31) t%tmteT Eg.‘ong .
As received 68.7 63.2 5.4 69.0 9.0 5.0
o5 T2.1 57.5 77.6 T2.8 9.0 4.5
950 67.6 170.6 .0 72.8 9.0 &.5
955 T72.7 170.8 79.1  73.5 8.0 4.5
960 .2 T0.2 ™S5 7.9 Lo 2.0
965 5.1 TL.A 81.0 Tk.6 6.5 2.0
970 7.6 T0.6 ™.8 T7s.3 3.0 2.0

TARLE B2
Rockwell B Hardness

Sol. Tg‘t' Temp. Ea.rg:ess
As received 8L
k5 84
950 85
955 871
960 87
965 87
gt 87
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TABLE B3
Electrical Conductivity

Bol. Trg;t. Temp . o - mogondnct;;it:ylég“ IACS) - 110
As received 38.65 38.99 38.60

- 945 37.55 37.95 37.25
950 37.3% 31.75 37.25

955 36.85 37.50 37.00

960 36.00 36.25 35.95

965 35.25 35.50 35.40

gm 35.55 35.99 34.95

# Engineering Iab Instrument
*# Quality Iab Instrument
These data show that the elongation and conductivity experience a
sharp decrease for a solution treating temperature above 955°F. A

rather gtartling change in microstructwre also is apparent between
955°F and 960°F.
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